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CROSS-REFERENCE TO RELATED PATENT APPLICATION 

This patent application is a Continuation- in- Part 
5 (CIP) of United States Patent Application Serial Number 

10/040,761 which was filed on January 9, 2002 in the name of 
Edward S. Engarto et al . and which is entitled THICKNESS 
MEASURING DEVICE FOR USE WITHIN A MAIL HANDLING SYSTEM/ AND 
A METHOD OF USING THE SAME. 



10 FIELD OF THE INVENTION 

The present invention relates generally to article 
thickness measuring apparatus and systems, and more particu- 
larly to a new and improved thickness measuring apparatus or 
system, and a method of using the same, which is particular- 
15 ly useful in connection with the measuring or determining 

the thickness of individual articles, such as, for example, 
pieces or units of postal mail, wherein the articles may be 
any combination of envelopes, letters, catalogs, newspapers, 
magazines, greeting cards, telephone directories, and the 
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like, such that an automatic mail delivery system, which de- 
livers the mail pieces or units into sorting bins that are 
adapted to have mail pieces or units stacked therein up to a 
predetermined height or depth dimension, can stop depositing 
5 mail pieces or units into a particular sorting bin when the 
article thickness measuring apparatus or system determines 
that the cumulative thickness dimensions of the detected and 
measured articles equals the predetermined height of the 
stack of mail pieces or units to be housed and contained 
10 within the particular sorting bin. 



BACKGROUND OF THE INVENTION 

Automatic mail delivery or conveying, sorting, and 
stacking systems are known which deliver pieces or units of 
mail, such as, for example, envelopes, letters, catalogs, 

15 newspapers, magazines, greeting cards, telephone director- 
ies, and the like, into sorting bins that are adapted to 
have pieces or units of mail stacked therein up to a partic- 
ular or predetermined height or depth dimension. Since the 
volumetric amount that a particular sorting bin could hold, 

20 contain, or accommodate would obviously comprise a particu- 
lar number of pieces or units of mail having predetermined 
thickness dimensions, then it would be desirable for an au- 
tomatic delivery or conveying, sorting, and stacking system 
to predetermine the thickness dimension of each individual 

25 unit or piece of mail, as well as to track the number of in- 
dividual mail pieces or units detected or scanned so that a 
predetermined stack of mail, comprising a predetermined num- 
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ber of pieces or units of mail, can in fact be deposited 
within a particular sorting bin. PRIOR ART automated mail 
conveying, sorting, delivering, and stacking systems, how- 
ever, have exhibited several operational drawbacks or defi- 
5 ciencies along these procedural lines. 

For example, in accordance with a first known type 
of automated mail conveying, sorting, delivering, and stack- 
ing system, while such a system is capable of tracking, as- 
certaining, or determining the number of units or pieces of 

10 mail that have been conveyed, sorted, and delivered to pre- 
determined sorting bins, such a system has nevertheless been 
unable to accurately determine the thickness of each indivi- 
dual piece or unit of mail and to subsequently correlate 
such information with the total number of detected and 

15 counted pieces or units of mail. In particular, the thick- 
ness dimension of each individual piece or unit of mail is 
simply usually estimated in some manner by some means. In 
accordance with a second type of automated mail delivery or 
conveying, sorting, and stacking system, the system does not 

20 predetermine the thickness dimension of each individual unit 
or piece of mail, but to the contrary, the system simply de- 
termines or senses the height of the entire stack of mail 
deposited within each individual sorting bin. For example, 
each sorting bin is provided or equipped with photocell sys- 

2 5 terns which are accordingly activated when the stack of mail 
deposited within a particular sorting bin reaches or attains 
a predetermined height or level. This type of system is rel- 
atively expensive, however, in view of the fact that each 
sorting bin must be equipped with its own photocell detec- 

30 tion system. 
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Systems also exist which are capable of determin- 
ing thickness dimensions of, for example, flat mail pieces 
or units, however, such systems have not been employed for 
determining the thickness dimensions of individual pieces or 
5 units of mail such that the determined thickness dimensions 
of the individual mail pieces or units can then be correlat- 
ed or used in connection with the counted or detected number 
of individual mail pieces or units so as to correspondingly 
determine the height of a stack of mail deposited within a 

10 particular sorting bin. For example, as disclosed within 
United States Patent 6,123,330, which issued to Schaal on 
September 26, 2000, a suction separation system is utilized 
in connection with the conveyance of flat mail pieces, and 
the system utilizes a rotary potentiometer to determine the 

15 thickness dimension of each stack item wherein the thickness 
dimension is related to, or is a function of, the stack 
pressure which is suitably monitored, corrected, adjusted, 
and controlled . 

In a similar manner, as disclosed within United 
20 States Patent 5,727,692, which issued to Large et al . on 
March 17, 1998, the thickness dimensions of envelopes are 
determined, however, such thickness dimensions are determin- 
ed as a means for correspondingly determining whether or not 
any contents are present within a particular envelope. Still 
25 further, as disclosed within United States Patent 5,704,246, 
which issued to Kruger on January 6, 1998, a raster gauge is 
used to determine the thickness dimensions of objects in or- 
der to, in turn, determine whether or not such objects can 
be subsequently handled by means of other machines or equip- 
3 0 ment located downstream within the overall processing or 
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handling system. Still yet further, as disclosed within 
United States Patent 5,238,123, which issued to Tovini et 
al. on August 24, 1993, a system is employed to determine 
thickness and length dimensions or parameters of envelopes 
5 whereby those envelopes which do not have length and thick- 
ness dimensions which are within a predetermined range of 
values are removed from the particularly disclosed handling 
system. Lastly, as disclosed within United States Patent 
4,953,842, which issued to Tolmie, Jr. et al . on September 
10 4, 1990, there is disclosed a system for determining the 

thickness dimensions of mail pieces or units such that the 
mail pieces or units can be properly conveyed by means of a 
particular handling system in accordance with a predetermin- 
ed velocity sequence or profile. 

15 Still further, it has also been experienced that 

in connection with the conveyance or transportation of dif- 
ferent mail pieces or articles, such as, for example, those 
mail pieces or articles which are characterized by relative- 
ly large thickness dimensions, or alternatively, those mail 

20 pieces or articles which are characterized by thickness di- 
mensions which vary along the longitudinal extent of the 
particular mail piece or article, inaccuracies, in connec- 
tion with the determination of the thickness dimensions of 
the various mail pieces or articles, can occur. Accordingly, 

25 such inaccuracies, in connection with the determination of 

the thickness dimensions of the various mail pieces or arti- 
cles, can effectively result in operational malfunctions of 
the system wherein, for example, the storage bins are not 
completely filled to their predeterminedly known, designat- 

3 0 ed, or rated capacity . For example , one of the mail pieces 
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or articles that may be conveyed or transported along the 
conveyor or transportation system may comprise a telephone 
directory or some similar article having a relatively large 
but constant thickness dimension. Accordingly, when the 
5 thickness dimension detection or determination device does 
in fact encounter the telephone directory or similar arti- 
cle, the device may experience or undergo repetitive bounce 
movements with respect to the relatively thick mail piece or 
article as a result of the sudden encounter of the device 

10 with the mail piece or article whose thickness dimension is 
substantially greater than the average thickness dimension, 
or the range of thickness dimensions, which may constitute a 
standard or norm for most of the articles or mail pieces be- 
ing conveyed or transported by means of the conveyor trans - 

15 portation system. As a result of the thickness detection de- 
vice experiencing or undergoing the aforenoted repetitive 
"bounce" movements, wherein the thickness detection device 
may be displaced from its normal disposition through means 
of a distance or movement which is greater than the actual 

2 0 thickness dimension of the telephone directory or similar 

article, false thickness dimension readings will be develop- 
ed and indicated. Therefore, the true thickness dimensions 
of such mail pieces or articles will not in fact be able to 
be accurately determined whereby, in turn, the cumulative 

25 thickness dimensions of a multitude of such mail pieces or 

articles will not in fact be able to be accurately determin- 
ed in order to properly or completely fill the storage bins. 

'Continuing still further, similar problems can oc- 
cur in connection with the accurate determination of the 
30 thickness dimensions of those mail pieces or articles which 



6 



are characterized by thickness dimensions which vary along 
the longitudinal extent of the particular mail piece or art- 
icle. Considering, for example, those mail piece packages 
which may contain greeting cards, or other irregularly shap- 
5 ed articles or objects, wherein the mail piece package is 
characterized by thickness dimensions which will vary over 
the longitudinal extent or length of the mail piece package, 
the thickness detection device will, for example, read, or 
generate signals indicative of, the varying thickness dimen- 

10 sions, and accordingly, varying thickness dimension readings 
will be developed and indicated for each mail piece package. 
Therefore, a single, true or accurate thickness dimension, 
or at least a substantially accurate average thickness di- 
mension, for each one of such mail piece packages will not 

15 in fact be able to be accurately determined whereby, in 

turn, the cumulative thickness dimensions of a multitude of 
such mail piece packages will not in fact be able to be ac- 
curately determined in order to properly or completely fill 
the storage bins . 

2 0 A need therefore exists in the art for a new and 

improved thickness measuring device, and a method of using 
the same, for use within a mail handling system wherein the 
thickness measuring device can determine the thickness di- 
mension of individual pieces or units of mail as the same 

2 5 are conveyed past the device, such that the thickness in- 
formation or data can be correlated with the number of scan- 
ned or detected mail pieces or units which are being deli- 
vered to predetermined sorting bins so as to determine the 
precise number of mail pieces or units that can be deposited 

30 within a particular sorting or storage bin such that the 
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stack of mail disposed, housed, or contained within the par- 
ticular sorting or storage bin has a predetermined height 
dimension, whereupon further conveyance of mail pieces or 
units, to such sorting or storage bin, can be terminated un- 
5 til such sorting or storage bin has been emptied or replac- 
ed . 

In addition, a correlated need exists in the art 
for a new and improved thickness measuring device, and a 
method of using the same, for use within a mail handling 

10 system wherein the thickness measuring device can accurately 
determine the thickness dimensions of individual mail piec- 
es, units, or packages, regardless of whether the individual 
mail pieces, units, or packages are characterized by means 
of constant, relatively large thickness dimensions, or al- 

15 ternatively, regardless of whether the individual mail piec- 
es, units, or packages are characterized by means of thick- 
ness dimensions which will vary along the longitudinal ex- 
tent or length of the individual mail pieces, units, or 
packages, such that the thickness information or data can be 

20 correlated with the number of scanned or detected mail piec- 
es or units which are being delivered toward predetermined 
sorting bins so as to determine the precise number of mail 
pieces or units that can be deposited within a particular 
one of the sorting or storage bins such that the stack of 

25 mail disposed, housed, or contained within the particular 
sorting or storage bin will have a predetermined height 
dimension, whereupon further conveyance of mail units or 
pieces, toward such sorting or storage bin, can be terminat- 
ed until such sorting or storage bin has been emptied or 

3 0 replaced. 
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OBJECT OF THE INVENTION 

Accordingly, it is the primary object of the pre- 
sent invention to provide a new and improved thickness mea- 
suring device and system, and a method of using the same, 
5 for determining the thickness dimensions of individual mail 
pieces, units, or packages, and a mail handling, sorting, 
and stacking system incorporating the same therein, wherein 
the new and improved thickness measuring device and system 
can accurately determine the thickness dimensions of indivi- 

10 dual mail pieces, units, or packages, regardless of whether 
the individual mail pieces, units, or packages are charact- 
erized by means of constant, relatively large thickness di- 
mensions, or alternatively, whether the individual mail un- 
its, pieces, or packages are characterized by means of 

15 thickness dimensions which will vary along the longitudinal 
extent or length of the individual mail pieces, units, or 
packages, such that the mail handling, sorting, and stacking 
system can stack an accurately determined amount of mail 
within a sorting or storage bin so as to completely fill the 

20 storage bin, whereupon further deposits of mail within such 
sorting or storage bin are discontinued. 



SUMMARY OF THE INVENTION 

The foregoing and other objectives 
accordance with the teachings and principles 
2 5 invention through the provision of a new and 
ness measuring device, a method of using the 



are achieved in 
of the present 
improved thick - 
same, and a 
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mail handling system in which the thickness measuring device 
is incorporated, wherein the thickness measuring device com- 
prises a rotary encoder mounted upon a mounting bracket, and 
wherein further, a movable lever arm is fixedly connected to 
5 the rotary shaft of the rotary encoder. A first end of the 
lever arm has an idler wheel or roller mounted thereon which 
is adapted to be disposed either in contact with an outer 
one of a pair of conveyor belts which are provided for con- 
veying mail pieces or units along a conveyor path defined 

10 between the pair of conveyor belts, or alternatively, in 
contact with a single conveyor belt along which the mail 
pieces or units are conveyed. A hydraulic damper is disposed 
in contact with the first end of the lever arm, while a sec- 
ond opposite end of the lever arm is fixedly connected to a 

15 biasing return spring. As the mail pieces or units respect- 
ively encounter the idler wheel or roller of the lever arm, 
either through means of the outer conveyor belt or directly, 
each mail piece or unit will cause deflection of the lever 
arm a predetermined amount, as controlled by means of the 

2 0 hydraulic damper and biasing return spring, in accordance 

with the thickness dimension of the particular mail piece or 
unit, and the deflection of the lever arm will accordingly 
cause rotation of the rotary shaft of the rotary encoder. 

Encoder impulse data, corresponding to the rota- 

2 5 tion of the rotary shaft of the rotary encoder and the de- 

flection amount of the lever arm in accordance with the 
thickness of the particular piece or unit of mail, will be 
transmitted to a computer wherein software will effectively 
convert such impulse data into linear deflection amounts or 

3 0 thickness dimensions or parameters characteristic of the 



10 



particular unit or piece of mail. The computer software also 
keeps track of the particular pieces or units of mail, by 
means of, for example, suitable bar code reader (BCR) or op- 
tical character recognition (OCR) apparatus, and correlates 
5 the same with the calculated thickness data for each one of 
the mail pieces or units detected and encountered by means 
of the rotary encoder lever arm. Stacking storage capacity 
data for each sorting or storage bin is also pre-entered 
into the computer, and therefore, the computer can accord - 

10 ingly control the conveyor system such that when a predeter- 
mined number of units or pieces of mail having a cumulative 
thickness dimension, as derived, calculated, or determined 
by means of the computer from the data supplied thereto from 
the rotary encoder, has been conveyed to a particular sort- 

15 ing or storage bin which has a predetermined mail piece or 
unit stacking or storage capacity which equals the cumula- 
tive thickness dimension or parameter of the predetermined 
number of detected or encountered pieces or units of mail, 
the conveyor will terminate further conveyance of mail to 

20 such sorting or storage bin until such sorting or storage 
bin has either been emptied or replaced by means of a cor- 
respondingly sized storage or sorting bin. The system is 
capable of being utilized in connection with the conveyance 
of substantially all types of mail including, but not lim- 

25 ited to, envelopes, letters, catalogs, newspapers, maga- 
zines, greeting cards, telephone directories, and the like. 

It is further appreciated that the system of the 
present invention, and in particular, the computer software 
thereof, can accurately determine the thickness dimensions 
3 0 of individual mail pieces, units, or packages, regardless of 
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whether the individual mail pieces, units, or packages are 
characterized by means of constant, relatively large thick- 
ness dimensions, such as, for example, telephone director- 
ies, or alternatively, regardless of whether the individual 
5 mail pieces, units, or packages are characterized by means 
of thickness dimensions which will vary along the longitud- 
inal extent or length of the individual mail pieces, units, 
or packages . In connect ion with those mail pieces, units, or 
packages which are characterized by means of constant, rela- 

10 tively large thickness dimensions, the computer software 

will effectively ignore any large deflections characteristic 
of the "bounces" that the lever arm will undergo as a result 
of the idler wheel or roller suddenly encountering the rela- 
tively large-dimension mail pieces, units, or packages.. In- 

15 stead, the computer software will effectively track the rel- 
atively small deflections that the lever arm will undergo 
and exhibit wherein such relatively small deflections are 
indicative of the true thickness dimension of the particular 
mail piece, unit, or package. 

20 In a similar manner, in connection with those mail 

pieces, units, or packages which are characterized by means 
of thickness dimensions which vary along the longitudinal 
extent or length of the individual mail pieces, units, or 
packages, the computer software will effectively track the 

2 5 variations in the deflections of the lever arm and the idler 

wheel or roller, in response to the variations in the thick- 
ness dimensions of the mail piece, unit, or package, as a 
function of the longitudinal length or extent of the mail 
piece, unit, or package. The computer software will then 

3 0 derive or generate an average or mean thickness value from 



the variable thickness data previously collected as a func- 
tion of the longitudinal length or extent of the mail piece, 
unit, or package. In either case, that is, whether the indi- 
vidual mail pieces, units, or packages are characterized by 
5 means of constant, relatively large thickness dimensions, or 
alternatively, whether the individual mail pieces, units, or 
packages are characterized by means of thickness dimensions 
which vary along the longitudinal extent or length of the 
individual mail pieces, units, or packages, the thickness 

10 information or data can again be correlated with the number 
of scanned or detected mail pieces or units which are being 
delivered toward predetermined sorting bins so as to deter- 
mine the precise number of mail pieces or units that can be 
deposited within a particular one of the sorting or storage 

15 bins such that the stack of mail disposed, housed, or con- 
tained within the particular sorting or storage bin will 
have a predetermined height dimension, whereupon further 
conveyance of mail units, pieces, or packages, toward such 
sorting or storage bin, can be terminated until such sorting 

2 0 or storage bin has been emptied or replaced. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Various other objects, features, and attendant ad- 
vantages of the present invention will be more fully appre- 
ciated from the following detailed description when consid- 
25 ered in connection with the accompanying drawings in which 
like reference characters designate like or corresponding 
parts throughout the several views, and wherein: 
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FIGURE 1 is a schematic drawing of a new and im- 
proved thickness measuring device, as incorporated within an 
article handling system, for determining the thickness di- 
mensions of individually conveyed articles, such as, for ex- 
5 ample, various pieces or units of mail, such that a prede- 
termined number of articles, or mail pieces or units, can be 
deposited within a particular storage or sorting bin having 
a predeterminedly known storage or stacking capacity; 



FIGURE 2 is a graphical plot schematically illus- 
10 trating the deflection amounts, experienced by means of the 
lever arm and recorded by means of the rotary encoder of the 
new and improved thickness measuring device or system as 
disclosed within FIGURE 1, as a function of the longitudinal 
extent of the particular mail piece, unit, or package when 
15 the particular mail piece, unit, or package is characterized 
by means of a constant, relatively large thickness dimension 
and when the lever arm undergoes dampened movements in re- 
sponse to its encounter with the particular mail piece, un- 
it, or package characterized by means of the constant, rela- 
20 tively large thickness dimension; and 



FIGURE 3 is a graphical plot, similar to that of 
FIGURE 2, schematically illustrating the deflection amounts, 
experienced by means of the lever arm and recorded by means 
of the rotary encoder, of the new and improved thickness 
25 measuring device or system, as disclosed within FIGURE 1, as 
a function of the longitudinal extent of the particular mail 
piece, unit, or package when the particular mail piece, un- 
it, or package is characterized by means of variable thick- 
ness dimensions and when the lever arm undergoes variable 
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deflective movements in response to its traversal with re- 
spect to the particular mail piece, unit, or package char- 
acterized by means of the variable thickness dimensions. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

5 Referring now to the drawings, and more particu- 

larly to FIGURE 1 thereof, a new and improved article hand- 
ling system, having a new and improved thickness measuring 
device incorporated therein, is disclosed and is generally 
indicated by the reference character 10. While the article 

10 handling system 10 can be adapted for use in connection with 
the handling or conveyance of substantially different types 
of articles, for the purposes of the present invention dis- 
closure, the article handling system 10 will be directed to- 
ward the handling and conveyance of pieces or units of mail 

15 which may, for example, include, but is not necessarily lim- 
ited to, envelopes, letters, catalogs, newspapers, greeting 
cards, magazines, telephone directories, and the like. More 
particularly, it is seen that the new and improved article 
handling system 10 comprises an article conveyor system as 

2 0 defined by means of a pair of opposed conveyor belts 12 be- 
tween which articles, such as, for example, various pieces 
or units of mail, may be conveyed toward a plurality of 
sorting or storage bins 14,16,18. In accordance with the 
particularly novel and unique structure or system which has 

25 been developed in accordance with the principles and teach- 
ings of the present invention, a central processing unit 
(CPU) 20 is operatively connected to the article conveyor 
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belt drive system 12 by means of signal or communication 
lines schematically illustrated at 22 in order to not only 
control the operation of the article conveyor system 12, but 
in addition, to control various sorting gates, not shown, 
operatively connected to or comprising the article conveyor 
system 12 in a well-known manner such that articles being 
conveyed along article conveyor system 12 may be properly 
routed to or conducted toward a particular one of the plu- 
rality of sorting or storage bins 14,16,18. It is also to be 
appreciated at this juncture that while the sorting or stor- 
age bins 14,16,18 have been illustrated as being "connected" 
to the central processing unit (CPU) 20 by means of lines 
24,26,28, lines 24,26,28 do not actually represent communi- 
cation or signal lines between the sorting or storage bins 
14,16,18 and the central processing unit (CPU) 20, but have 
been illustrated simply as a means for conveying the idea 
that the central processing unit (CPU) 2 0 is aware of the 
existence of each one of the plurality of sorting or storage 
bins 14,16,18, as well as the storage capacity characterist- 
ic of each one of the plurality of sorting or storage bins 
14,16,18, and accordingly correlates such existence, dispo- 
sition, or location of such sorting or storage bins 14,16, 
18, and their respective storage capacities, with the arti- 
cle conveyor system 12 along which the individual articles 
are being conveyed. 

Continuing further, in accordance with the princi- 
ples and teachings of the present invention, it is to be re- 
called that the primary objective of the present invention 
is to predetermine the thickness dimensions or parameters of 
the articles being conveyed along the article conveyor sys- 



tern 12 such that, knowing the storage capacity of each one 
of the sorting or storage bins 14,16,18, the central pro- 
cessing unit (CPU) 2 0 can terminate further conveyance of 
the articles to a particular one of the plurality of sorting 
5 or storage bins 14,16,18 when the storage capacity of that 
particular one of the sorting or storage bins 14,16,18 has 
been reached as a result of having had deposited into such 
particular one of the plurality of sorting or storage bins 
14,16,18 a plurality of articles having a cumulative thick- 

10 ness dimension value which is equal to the storage capacity 
of that particular one of the sorting or storage bins 14,16, 
18. Accordingly, in order to determine the thickness dimen- 
sion of each article as the same is being conveyed along the 
article conveyor system 12, a rotary encoder 30 is located 

15 at a position which is located adjacent to the mail flow 

path of the article conveyor system 12. A bar code reader- 
optical character recognition device 32 is also disposed ad- 
jacent to the disposition of the rotary encoder 30, and is 
likewise positioned adjacent to the article conveyor system 

2 0 12 at a predetermined position upstream of the rotary encod- 

er 30, as considered in the direction of conveyance of the 
articles along the article conveyor system 12, so as to be 
capable of detecting each mail piece or article as the same 
passes by the bar code reader-optical character recognition 
25 device 32. 

The bar code reader/optical character recognition 
device 32 is connected to the central processing unit (CPU) 
20 by means of a signal or communication line 34, and in 
this manner, each individual piece or unit of mail conveyed 

3 0 along the article conveyor system 12 is detected and read by 
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means of the bar code reader/optical character recognition 
device 32. Information identifying each individual mail unit 
or mail piece conveyed along the article conveyor system 12 
can then be transmitted to the central processing unit (CPU) 
2 0 such that the central processing unit (CPU) 2 0 can ef- 
fectively track the particular or individual piece or unit 
of mail. In addition, it is seen that the rotary encoder 30 
is mounted upon a suitable Z-shaped mounting bracket 36, and 
that a rotary shaft 3 8 of the rotary encoder 3 0 has a lever 
arm 40 fixedly mounted upon the lower end portion thereof. 
The lever arm 40 is juxtaposed with respect to the article 
conveyor system 12 so as to position an idler wheel or idler 
roller 42, which is mounted upon one end portion of the lev- 
er arm 40, immediately adjacent to the mail flow path of the 
article conveyor system 12. More particularly, the idler 
wheel or idler roller 42 is adapted to normally be disposed 
in contact with the outer one of the oppositely disposed or 
paired conveyor belts 12 as a result of a piston member, not 
shown, of, for example, a suitable, single-acting hydraulic 
damper 44 normally being disposed in contact with the end of 
the lever arm 40 upon which the idler wheel or roller 42 is 
mounted. The hydraulic damper 44 is fixedly mounted upon the 
Z-shaped mounting bracket 36, and the opposite end of the 
lever arm 4 0 is operatively connected to a return spring 
mechanism 4 6 . 

As can readily be seen from FIGURE 1, a first end 
portion 48 of the return spring mechanism 46 is connected to 
the lever arm 40, while a second end portion 50 of the re- 
turn spring mechanism 46 is connected to a mounting bolt as- 
sembly 52 which is fixedly mounted upon an upstanding por- 
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tion of the Z-shaped mounting bracket 36. Accordingly, when 
a particular mail piece or unit is conveyed along the arti- 
cle conveyor system 12, the mail piece or unit will cause 
the outer one of the conveyor belts 12, with which the idler 
wheel or roller 42 of the lever arm 40 is disposed in con- 
tact, to move outwardly and thereby cause counterclockwise 
deflection of the lever arm 4 0 against the opposite biases 
of the return spring 46 and the hydraulic damper 44 as de- 
noted by means of the arrow CCW. Rotation or pivotal move- 
ment of the lever arm 40, in turn, will cause a correspond- 
ing rotation or pivotal movement of the rotary encoder shaft 
3 8 such that encoder impulses are generated by the rotary 
encoder 30. It is noted that the use of the single-acting 
hydraulic damper 44 permits the piston rod member, not 
shown, thereof to be extended out from the hydraulic damper 
44 in a faster operative mode than that characterizing the 
contraction mode of the piston rod member, not shown, into 
the hydraulic damper 44. This is important during the piv- 
otal movement of the lever arm 4 0 in that once a mail piece 
or article has passed by the idler roller or wheel 42, 
whereby the lever arm 4 0 will then tend to return to its 
normally undeflected position, the piston rod member, not 
shown, of the hydraulic damper 44 will, under most circum- 
stances, tend to prevent any "bounce -back" of the lever arm 
40 and effectively ensure maintenance of the lever arm 40 at 
its normally undeflected position adjacent to the mail arti- 
cle flow path along conveyor system 12 so as to be in an op- 
erative position to detect the next piece or article of mail 
being conveyed along the conveyor system 12 . 

As is known in the art, a rotary encoder can gene- 
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rate a predetermined number of impulses per a complete revo- 
lution, or in other words, for example, one thousand (1000) 
impulses per 360° of rotation. Therefore, for a predetermined 
angular movement of the lever arm 40, and a corresponding 
angular movement of the rotary encoder shaft 38, a predeter- 
mined number of impulses will be generated by the rotary en- 
coder 30. The impulses from the rotary encoder 30 are trans- 
mitted to the central processing unit (CPU) 20, by means of 
a signal or communication line 54, within which software can 
convert or correlate the angular movement of the lever arm 
40, and the corresponding angular movement of the rotary en- 
coder shaft 38, as signified or indicated by the number of 
impulses generated by the rotary encoder 30, to linear val- 
ues which are therefore indicative of the thickness dimen- 
sion of the particular piece or unit of mail just detected 
or sensed by the lever arm 4 0 and its operatively associated 
idler wheel or roller 42. 

In view of the fact that such detected or sensed 
particular piece or unit of mail has also just been immedi- 
ately previously identified by means of the bar code read- 
er/optical character recognition device 32, and that this 
mail piece or unit identification information has therefore 
also been transmitted to the central processing unit (CPU) 
20 by means of the signal or communication line 34, the cen- 
tral processing unit (CPU) 20 correlates such information to 
the effect that a particularly identified unit or piece of 
mail has a particular thickness dimension. In view of the 
additional fact that the central processing unit (CPU) 20 
not only knows the storage capacity of each one of the stor- 
age or sorting bins 14,16,18, but also knows the routing 



destination of each previously identified and detected or 
sensed piece or unit of mail, then based upon the cumulative 
thickness dimensions of a plurality of previously detected 
or sensed and identified pieces or units of mail which are 
being routed to a particular destination comprising one of 
the sorting or storage bins 14,16,18, the central processing 
unit (CPU) 20 will also know when the storage or stacking 
capacity of that particular one of the storage or sorting 
bins 14,16,18 has been or will be reached. The central pro- 
cessing unit (CPU) 2 0 can therefore terminate any further 
conveyance of pieces or units of mail to such particular 
destination storage or sorting bin 14,16, or 18 until such 
storage or sorting bin 14,16, or 18 has been accordingly 
emptied or replaced. 

It is to be additionally appreciated that while 
the lever arm 40, and its operatively associated idler wheel 
or roller 42, have been disclosed within the article hand- 
ling system 10 as being disposed in contact with an outer 
surface of an outer one of the conveyor belts 12 for those 
conveyor systems 12 within which the articles are conveyed 
between a pair of oppositely disposed conveyor belts 12, 
substantially the same system comprising lever arm 40, and 
its operatively associated idler wheel or roller 42, could 
likewise be employed in connection with those conveyor sys- 
tems wherein articles are conveyed along, for example, a 
single conveyor belt, such as, for example, by means of suc- 
tion or other implements. In connection with such a conveyor 
system, it is to be appreciated that the idler wheel or 
roller 42 of the lever arm 40 will normally be disposed in 
contact with the surface of the conveyor belt along which 



the articles are being conveyed and will therefore be di- 
rectly engaged by the conveyed article such that the lever 
arm 40 will undergo the corresponding aforenoted deflected 
movement. In either case or instance, the basic operation of 
5 the system 10 is substantially the same, that is, deflection 
of the lever arm 40, as detected by means of the rotary en- 
coder 30, will be indicative of the thickness dimension of 
the particular unit or piece of mail detected or sensed. 

While the new and improved article handling sys- 

10 tern 10, having the various thickness measuring components 

integrally incorporated therein as has been disclosed within 
FIGURE 1, is operationally quite successful and accurate in 
connection with the conveyance of mail pieces or articles 
which effectively have relatively small and substantially 

15 constant thickness dimensions throughout their longitudinal 
extent or length, such as, for example, conventional letter 
mail, envelopes, magazines, and the like, it has been exper- 
ienced that false positive or inaccurate thickness dimension 
data can sometimes be generated when the particular mail 

2 0 piece or articles being conveyed along the conveyor 12, and 
the conveyor path defined thereby, comprise mail pieces or 
articles which have relatively large but substantially con- 
stant thickness dimensions throughout their longitudinal ex- 
tent or length, such as, for example, telephone directories, 

25 or alternatively, mail pieces or articles which have vari- 
able thickness dimensions throughout their longitudinal ex- 
tent or length, such as, for example, envelopes or other 
packages having irregularly shaped articles contained there- 
within. Therefore, in accordance with further principles and 

30 teachings of the present invention, additional software is 
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adapted to be incorporated within the central processing 
unit (CPU) 20 so as to enable the new and improved article 
handling system 10 of the present invention, having the var- 
ious thickness measuring components integrally incorporated 
therein, to accurately determine the thickness dimensions of 
all mail pieces or articles, regardless of whether such mail 
pieces or articles are characterized by means of relatively 
large but substantially constant thickness dimensions 
throughout their longitudinal extent or length, or alterna- 
tively, regardless of whether such mail pieces or articles 
are characterized by means of variable thickness dimensions 
throughout their longitudinal extent or length. 

More particularly, with reference still being made 
to FIGURE 1, it is seen that an additional sensor or detect- 
or 60, which may comprise, for example, any suitable photo- 
detector or optical detector, is adapted to be disposed ad- 
jacent to the article conveyor system 12 at a position ei- 
ther immediately upstream or downstream of the bar code 
reader/optical character recognition device 32 as considered 
in the direction of conveyance of the articles along the 
article conveyor system 12 such that the sensor or detector 
60 can effectively operatively cooperate with the bar code 
reader/optical character recognition device 32 as well as 
with the article conveyor system 12. In particular, the de- 
tector or sensor 60 is utilized to determine the longitud- 
inal extent or length dimension of each individual mail art- 
icle or piece that passes the sensor 60 by monitoring the 
presence and absence, that is, the forward edge portion and 
the rear edge portion, of each individual mail piece or un- 
it. The sensor or detector 60 is adapted to be operatively 



connected to the central processing unit (CPU) 2 0 by means 
of a signal or communication line 62, and in this manner, 
since each individual mail piece or article conveyed along 
the article conveyor system 12 is detected, read, and iden- 
tified by means of the bar code reader/optical character re- 
cognition device 32, since timing mechanisms are inherently 
disposed or contained within the central processing unit 
(CPU) 20, and since the central processing unit (CPU) 20 al- 
ways controls and is always cognizant of the conveying speed 
of the article conveyor system 12, then each individual mail 
piece or article that is conveyed along the article conveyor 
system 12 can readily have its longitudinal extent or length 
determined by means of the central processing unit (CPU) 20. 

Continuing further, since the information identi- 
fying each individual mail unit or mail piece conveyed along 
the article conveyor system 12, as well as the information 
determining its longitudinal extent or length dimension, is 
transmitted to the central processing unit (CPU) 20, the 
central processing unit (CPU) 20 can not only now effective- 
ly track the particular or individual piece or unit of mail 
being conveyed along the article conveyor system 12, but in 
addition, the central processing unit (CPU) 2 0 will have the 
longitudinal extent or length dimension, of each individual- 
ly identified mail piece or article being conveyed along the 
article conveyor system 12, stored within its memory. Fur- 
thermore, since the lever arm 40 will undergo suitable de- 
flection movements, either as a result of its contact en- 
gagement with the outer one of the pair of conveyor belts 
comprising the article conveyor system 12, or as a result of 
its direct contact with a particular mail piece or article 
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disposed upon a single conveyor belt of the article conveyor 
system 12, when the particular mail piece or article passes 
the region at which the idler roller 42 is disposed in con- 
tact with the particular one of the noted conveyor belts of 
5 the article conveyor system 12, and since the deflection 

movements of the lever arm 40 are converted into output im- 
pulses by means of the rotary encoder 30, wherein such out- 
put impulses are transmitted to the central processing unit 
(CPU) 20 by means of signal line 54, then the software dis- 
10 posed within the central processing unit (CPU) 20 is able to 
correlate the deflection movements of the lever arm 40 as a 
function of the longitudinal extent or length dimension of 
each individually identified mail piece or article as the 
same are conveyed along the article conveyor system 12 .. 

15 Accordingly, in connection with those mail pieces 

or articles which are characterized by relatively large but 
substantially constant thickness dimensions over the longi- 
tudinal extent or length thereof, such as, for example, tel- 
ephone directories, it is to be appreciated that, despite 

20 the presence of the hydraulic damper 44, the sudden opera- 
tive encounter of the idler roller 42 with the mail piece or 
article having the relatively large but substantially con- 
stant thickness dimension will cause the idler roller 42 and 
the lever 40 to undergo an initially large deflection move- 

25 ment, as well as a plurality of subsequent deflection move- 
ments, due to what is known as "bounce-back" effects. The 
provision of the hydraulic damper 44 will serve to rapidly 
dampen such "bounce-back" effects and the relatively large 
deflection movements, but these relatively large deflection 

3 0 movements of the idler roller 42 and lever arm 4 0 will cause 
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the rotary encoder 38 to effectively generate impulse sig- 
nals, indicative of the thickness dimensions of the particu- 
lar mail piece or article, which are greater than the true 
thickness dimension of the mail piece or article. In other 
5 words, a plurality of false positive or inaccurate thickness 
dimensions will normally be generated. However, by means of 
the unique and novel software developed in accordance with 
the principles and teachings of the present invention, not 
only can the generation of such plurality of false positive 

10 or inaccurate thickness dimensions be effectively prevented, 
but more particularly, a single thickness dimension, for ac- 
curately portraying the true thickness dimension of the mail 
piece or article which is characterized by means of the rel- 
atively large but substantially constant thickness dimension 

15 throughout the longitudinal extent or length thereof, can in 
fact be generated. 

More particularly, as may best be appreciated from 
FIGURE 2, there is disclosed a graphical plot schematically 
illustrating the deflection amounts of the lever arm 40, or, 
20 in effect, the thickness dimension of the particular mail 
piece or article, as a function of the longitudinal extent 
or length dimension of the particular mail piece or article 
which is characterized by means of the substantially con- 
stant, relatively large thickness dimension, as the lever 

2 5 arm 4 0 undergoes the aforenoted dampened movements in re- 

sponse to its operative encounters with the particular mail 
piece or article, it being remembered that the deflection 
amounts of the lever arm 4 0 correspond with the angular 
movements of the rotary encoder shaft 3 8 which are effect - 

3 0 ively converted by means of the software contained within 
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the central processing unit (CPU) 20 into linear values 
which are indicative of the thickness dimension of the par- 
ticular mail piece or article. Accordingly, as the idler 
roller 42 of the lever arm 40 operatively encounters the 
5 particular mail piece or article characterized by means of 
the substantially constant, relatively large thickness di- 
mension, the lever arm 40 will be forced to undergo an ini- 
tial deflection or displacement, indicative of a particular 
thickness dimension of the particular mail piece or article 

10 and illustrated at Tl, which will be greater than the true 

thickness of the particular mail piece or article due to the 
sudden operative impact of the idler roller 42 with the for- 
ward end of the particular mail piece or article character- 
ized by means of the substantially constant, relatively 

15 large thickness dimension. 

Under the influence, for example, of the hydraulic 
damper 44, the lever arm 40 will tend to return to its norm- 
al, undeflected position, however, due to its operative en- 
counter with the external surface of the particular mail 

20 piece or article, characterized by means of the substantial- 
ly constant, relatively large thickness dimension, the lever 
arm 40 can only effectively return to a deflected or dis- 
placed position, indicative of the true thickness dimension 
of the particular mail piece or article characterized by 

25 means of the substantially constant, relatively large thick- 
ness dimension, which is illustrated at T2 . Continuing fur- 
ther, since the hydraulic damper 44 is not necessarily able 
to immediately and completely dampen the "bounce-back" ef- 
fects of the lever arm 40, the lever arm 40 will subsequent - 

3 0 ly experience several additional displacements or "bounce" 
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movements respectively denoted by the graphical positions 
T3 / T4 / T5 / and T6 , it being realized, of course, that the 
displacements or "bounce" movements become progressively 
smaller due to the dampening effect of the hydraulic damper 
5 44. In conjunction with such additional displacements or 
"bounce" movements, it is of course also to be appreciated 
that after experiencing each one of the noted displacements 
or "bounce" movements, the lever arm 4 0 will always return 
to its deflected or displaced position, indicative of the 

10 true thickness dimension of the particular mail piece or 
article characterized by means of the substantially con- 
stant, relatively large thickness dimension, which is illus- 
trated at T2 . Accordingly, the software contained within the 
central processing unit (CPU) 2 0 is programmed to detect the 

15 repetitive, intermittent deflection or displacement values 
T2 , to effectively ignore the abnormally large and incon- 
sistent deflection or displacement values Tl , T3 , T4 , T5 , T6 , 
and effectively define a locus TA which is indicative of the 
true thickness dimension of the particular mail piece or 

2 0 article characterized by means of the substantially con- 
stant, relatively large thickness dimension. 

Continuing further, it is similarly apparent that 
in connection with those mail pieces, units, articles, or 
packages which may be characterized by means of variable 

2 5 thickness dimensions throughout the longitudinal extent or 
length dimension thereof, software can be specifically pro- 
grammed into the central processing unit (CPU) 2 0 so as to 
enable the system to accurately determine a viable thickness 
dimension value, for such particular mail piece, unit, arti- 

30 cle, or package, as best as possible. More particularly, 
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with reference lastly being made to FIGURE 3, there is dis- 
closed a graphical plot schematically illustrating the de- 
flection amounts of the lever arm 40, or, in effect, the 
thickness dimension of the particular mail piece or article, 
as a function of the longitudinal extent or length dimension 
of the particular mail piece, unit, article, or package 
which is characterized by means of the variable thickness 
dimension, as the lever arm 4 0 undergoes the aforenoted 
dampened movements in response to its operative encounters 
with the particular mail piece, unit, article, or package. 
Accordingly, as the idler roller 42 of the lever arm 40 ope- 
ratively encounters the particular mail piece, unit, arti- 
cle, or package characterized by means of the variable 
thickness dimensions, the lever arm 40 will effectively fol- 
low the contours of the mail piece, unit, article, or pack- 
age, as determined by means of the particular thickness di- 
mensions thereof at the plurality of specific positions 
along the longitudinal extent thereof, which will of course 
be indicative of the particular thickness dimension of the 
particular mail piece, unit, article, or package at the spe- 
cific positions along the longitudinal extent thereof. 

These thickness dimensions or values of the par- 
ticular mail piece, unit, article, or package will of course 
be continually entered into the memory of the central pro- 
cessing unit (CPU) 20 whereby the graphical plot of FIGURE 
3, illustrating the various thickness dimensions TD as a 
function of the longitudinal extent or length of the partic- 
ular mail piece, unit, article, or package, can accordingly 
be derived. Consequently, in accordance with the particular 
program incorporated within the software of the central pro- 



cessing unit (CPU) 20, the central processing unit (CPU) can 
subsequently, in turn, generate or determine a viable thick- 
ness dimension which will effectively be an average thick- 
ness dimension value ATD. This average thickness dimension 
5 value ATD will then be utilized within the central process- 
ing unit (CPU) 20 to designate the thickness dimension value 
of the particular mail piece, unit, article, or package, and 
such average thickness dimension value ATD of the particular 
mail piece, unit, article, or package can be utilized in 
10 conjunction with the other thickness dimension values of the 
other mail pieces or units whereby the cumulative thickness 
dimensions of the plurality of mail pieces or units can be 
correlated with the storage capacity of any one of the par- 
ticular storage or sorting bins 14,16,18. 

15 Thus, it may be seen that in accordance with the 

principles and teachings of the present invention, a new and 
improved article handling system, having a new and improved 
thickness measuring device incorporated therein, has been 
developed whereby thickness dimensions of conveyed articles, 

2 0 such as, for example, pieces or units of mail, can be readi- 
ly determined, even regardless of whether the mail pieces or 
articles have relatively large but substantially constant 
thickness dimensions throughout their longitudinal extent or 
length, such as, for example, telephone directories, or al- 

25 ternatively, mail pieces or articles which have variable 

thickness dimensions throughout their longitudinal extent or 
length, such as, for example, envelopes or other packages 
having irregularly shaped articles contained therewithin. In 
addition, such determined thickness dimensions can be corre- 

30 lated with particular article identification information or 
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data such that the cumulative or total thickness value of a 
plurality of conveyed articles can be readily determined. 
This information can, in turn, be utilized in connection 
with the conveyance of a plurality of articles toward des- 
5 tination storage or sorting bins within which articles are 
to be stacked to a predetermined height or level. When the 
system determines that the predetermined height or level 
within a particular storage or sorting bin has been or will 
be reached, further conveyance of articles by the article 
10 handling system and toward such storage or sorting bin is 
terminated and is not resumed until the particular sorting 
or storage bin has been emptied or replaced by means of a 
new sorting or storage bin. 



It is to be noted that many variations and modifi- 
15 cations of the present invention are possible in light of 
the above teachings. It is therefore to be understood that 
within the scope of the appended claims, the present inven- 
tion may be practiced otherwise than as has been specifical- 
ly described herein. 
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